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roots visible to approximately
3.0'

Total Depth= 11.4', no free
water encountered while
excavating

Moist to wet, Brownish yellow [10YR 6/6], GRAVEL with Clay and
Sand, GP-GC, low plasticity, strong reaction to HCl, Gravels
becoming coarser with depth, gravels and cobbles are
subrounded to subangular, random cobbles and boulders
throughout profile up to 24" diameter, random large boulders to
5.0' diameter on surface nearby the test pit.

G16228

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5849.9 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354159.3970', E1067176.9210'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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0-2"  very thin sod mat

becoming more difficult to
excavate at approximately
8.0'

Total depth=11.1'

Dry to moist, Yellowish brown [10YR 5/4], SILTY GRAVEL with
Sand, GM, non-plastic, strong reaction to HCl, gravels and
cobbles are subround to angular, most gravels are 3" minus, with
random cobbles and boulders throughout, encountered a 15"
diameter boulder at approximately 8.0'.

G16229

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5858.4 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354322.1770', E1067189.3790'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Hole caving badly at 4.0'

Difficult digging at 6.0'

Excavator refusal at 7.5',
bedrock or large boulders
encountered
Total Depth=7.5' No free
water encountered while
excavating

Dry to moist, SAND with Gravel, SP, non-plastic, loose, sands are
course grained, gravels are fine grained.
Moist to wet, Yellowish brown [10YR 5/6], GRAVEL with Sand, GP,
non-plastic, loose, strong reaction to HCl, with boulders and
cobbles, boulders to approximately 24" diameter.

Wet, Yellowish brown [10YR 5/6], GRAVEL with Clay and Sand,
GP-GC, low plasticity, strong reaction to HCl, gravels subrounded
to subangular.

Moist to wet, Yellowish brown [10YR 5/6], GRAVEL with Sand, GP,
non-plastic, strong reaction to HCl, with cobbles and boulders up
to 24" maximum diameter.

G16230

G16231 45 21

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5846.5 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354239.3520', E1067097.7410'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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0-2" thin sod mat

Total Depth= 11.0', No free
water encountered while
excavating

Dry to moist, SILTY GRAVEL with Sand, GM, non-plastic, gravels
angular to 3" maximum diameter.

Dry, Brown, SILTY GRAVEL with Sand, GM, non-plastic, strong
reaction to HCl, gravels angular to 3" maximum diameter,
encountered subrounded 15" diameter boulder at 5.0'.

Dry, Yellowish brown [10YR 5/4], SILTY GRAVEL with Sand, GM,
non-plastic, strong reaction to HCl, gravels and cobbles increasing
in size to 8" maximim diameter, becoming more difficult to
excavate.

G16232

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5852.6 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354219.5470', E1067148.4640'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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very thin sod mat, less than
1" thick

Total depth=12.2' No free
water encountered while
excavating

Dry to moist, Dark brown [10YR 3/3], SILTY SAND with Gravel,
SP, no to low plasticity, loose, gravels subangular to 1" maximum
diameter, easy digging.

Dry, Dark yellowish brown [10YR 4/4], SILTY GRAVEL with Sand,
GM, non-plastic, loose, strong reaction to HCl, most gravels are
angular to 1" maximum diameter, random angular cobbles to 12"
maximum diameter.

Dry, Yellowish brown [10YR 5/4], SILTY GRAVEL with Sand, GM,
non-plastic, loose, strong reaction to HCl, higher gravel
percentage than above, gravels angular to 3" maximum diameter,
easy digging.

G16233

G16234

G16235

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5855.1 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354206.5030', E1067187.8250'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Total Depth = 11.5', no free
water encountered while
excavating

Dry to moist, Brown [10YR 4/3], SILTY GRAVEL with Sand, GM,
non-plastic, strong reaction to HCl, becoming drier with depth,
gravels have calcium carbonate coatings, most gravels 3"
maximum diameter, some random cobbles to 8" maximum
diameter.

G16236

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5851.4 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354096.9400', E1067072.3590'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Total Depth=11.3', no free
water observed while
excavating
No large cobbles or boulders
encountered

40.5

Dry to moist, Dark yellowish brown [10YR 3/4], SILTY GRAVEL
with Sand, GM, non-plastic, loose, strong reaction to HCl, sands
coarse grained, gravels subround to subangular.

Moist to wet, Brown [10YR 5/3], FAT CLAY, CH, high plasticity,
strong reaction to HCl, inclusions of sand and silt.

Moist to wet, Yellowish brown [10YR 5/4], SANDY CLAY with
Gravel, CL, low plasticity, strong reaction to HCl, gravels angular
to subangular.

G16238

G16237

G16239

93 37

DRILLER:  R.E. Miller

DRILL TYPE:  Cat 420 E Rubber Tired Backhoe

HOLE DIAMETER:

HAMMER TYPE:

DATE STARTED / FINISHED:  7/6/16 - 7/6/16

LOGGED BY:  Niki Griffis

GROUND SURFACE ELEVATION:  5839.8 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354081.1110', E1067166.7220'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Cuttings: Dry, light brown
angular chips, approx. 3/8
inch diameter and sand, multi
colored chips

Top of decomposed bedrock
at 4.5 feet

Cuttings: Moist, greenish
gray, clayey sand clumps,
traces of gravel chips

2-inch spoon, 50 blows/4
inches , blows uniform,
gradually got stiff

Hard drilling

Cuttings: Moist, greenish
gray, clayey sand clumps,
with multi-colored gravel chips
approx. 3/8 inch max

2-inch spoon, 50 blows/ 3
inches

very dusty drill cuttings

Firm, very small chips (1/4 to
1/8 inch), smooth drilling.
Chips are red, black, orangish
tan and gray

Switch to Core HQ3

24.5

2.1

67

78

0

80

Dry, Light brown, SILTY GRAVEL with Sand, GM, strong reaction
to HCl.

Moist, Reddish brown [5YR 5/3] Bozeman Group Silt/Claystone
and Conglomerate, decomposed to residual soil, CLAYEY SAND
with Gravel, SC, low to medium plasticity, strong reaction to HCl.

Moist, Reddish brown [5YR 5/3] Bozeman Group Silt/Claystone
and Conglomerate, decomposed to residual soil, CLAYEY SAND
with Gravel, SC, low plasticity, strong reaction to HCl, traces of
decomposed argillaceous sandstone, yellow green, breaks with
finger pressure.

Moist, Bozeman Group Conglomerate, decomposed to residual
soil, GRAVEL with Clay, GP-GC, low to medium plasticity, cobbles
react with HCL, field slake test shows swelling potential.

G16240

G16241

G16242

G16243

G16244

32

99

50

DRILLER:  Axis Drilling

DRILL TYPE:  Davey-Kent

HOLE DIAMETER:  6-inch ODEX

HAMMER TYPE:  140 lb Auto

DATE STARTED / FINISHED:  7/6/16 - 7/7/16

LOGGED BY:  Jeff Riedel

GROUND SURFACE ELEVATION:  5865.1 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354257.0190',E1067238.5830'

R
E

C
O

V
E

R
Y

 (
%

)

W
E

LL
 L

O
G

S
A

M
P

LE
 ID

D
E

P
T

H
 (

F
T

)

M
O

IS
T

U
R

E
 (

%
)

D
R

Y
 D

E
N

S
IT

Y
(p

cf
)

P
LA

S
T

IC
 L

IM
IT

G
R

A
P

H
IC

 L
O

G

D
R

IV
E

LI
Q

U
ID

 L
IM

IT

MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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RQD=0%

RQD=0%

Difficult drilling, driller lost
water circulation
Decomposed bedrock, clays
are blocking off bit and no
return water, too much water
pressure washes out
material, not enough water
pressure and bit blocks off
RQD=0%
Total Depth =28.2 feet

No Groundwater encountered
while drilling

80

100

114

Moist, Bozeman Group Conglomerate, decomposed to residual
soil, GRAVEL with Clay, GP-GC, low to medium plasticity, cobbles
react with HCL, field slake test shows swelling potential.
(Continued)

Moist, Light brownish gray [2.5Y 6/2] Bozeman Group Argillaceous
Sandstone, decomposed to residual soil, CLAYEY SAND, SC, low
to medium plasticity, fine grained, weak, fresh.

Moist, Gray [2.5Y 6/1] Bozeman Group Conglomerate,
decomposed to residual soil, CLAY with Gravel, CL-CH, moderate
strength, gray matrix with black, gray, pink cobbles, reacts with
acid.
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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2-inch spoon

Cuttings: Dry, angular to
subangular 1/2 inch
maximum diameter chips,
very dusty

2-inch spoon

Silts collapse when water is
added, possible loess

Cuttings: Dry, angular to
subangular, gravels very
dusty

2.5 inch spoon, 50 blows/5
inches

Cuttings: Dry, angular, much
coarser drilling, cobbles

Cuttings: Change to clumps
of clay with sand.

7.1

2.3

1.3

39

39

39

90

Dry, Light brown [7.5YR 6/4], SILTY GRAVEL with Sand, GM.

Dry, Dark yellowish brown [10YR 4/4], SANDY SILT with Gravel,
ML, low plasticity, strong reaction to HCl, trace of gravels on top of
spoon sample.

Dry, Yellowish brown [10YR 5/4], SILTY GRAVEL with Sand, GM,
no to low plasticity, strong reaction to HCl.

Dry, Brown [10YR 5/3], SILTY GRAVEL with Sand, GM, no to low
plasticity, strong reaction to HCl, traces of roots in interbedded silt
layers.

Moist, Grayish brown [2.5Y 5/2] Bozeman Group Argillaceous
Sandstone/siltstone, decomposed to residual soil, Lean Clay with
Sand, CL, medium plasticity, strong reaction to HCl, field slake test
shows swelling potential.

G16245

G16246

G16247

G16248

G16249

G16250

G16251
G16252

11

24

50

DRILLER:  Axis Drilling

DRILL TYPE:  Davey-Kent

HOLE DIAMETER:  6-inch ODEX

HAMMER TYPE:  140 lb Auto

DATE STARTED / FINISHED:  7/7/16 - 7/8/16

LOGGED BY:  Jeff Riedel

GROUND SURFACE ELEVATION:  5849.9 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354159.3970', E1067176.9210'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Clayey sand cuttings
becoming more rocky at 22.5
feet, little to no clay clumps

2.5-inch spoon, 50 blows/3
inches

Firm drilling, material is stiff.

Cuttings: Rock chips and
sandy clay clumps

firm drilling

2-inch spoon, stuck spoon,
add water, hammer in, pulled
out

2.5-inch spoon, Stop blows
after 1 foot to avoid getting
stuck
End of day, fill with casing
with water until 14 feet from
surface, return after 12 hours,
water is at 23 feet below
ground
2-inch spoon at 36 feet,
driven after 12 hours of
saturation.

Groundwater at 40.0' on
7-7-16
Tried Shelby tube, too stiff,
bent tube.
2.5-inch spoon, 50 blows/3
inches

Consider coring, too Clayey
to core
Cuttings: light gray, angular
chips to 1/4 inch and fines,
dusty fines, low to medium
plasticity

15.5

20.1

14.8

0

44

100

33

Moist, Grayish brown [2.5Y 5/2] Bozeman Group Argillaceous
Sandstone/siltstone, decomposed to residual soil, Lean Clay with
Sand, CL, medium plasticity, strong reaction to HCl, field slake test
shows swelling potential. (Continued)

Moist, Gray [N5] Bozeman Group Argillaceous
Sandstone/siltstone and conglomerate, decomposed to residual
soil, CLAYEY SAND with Gravel, SC, strong reaction to HCl.

Moist, Gray [N5] and multi-colored , yellow brown, greenish gray
and dark gray, Bozeman Group Argillaceous Sandstone/siltstone
and conglomerate, decomposed to residual soil, WELL GRADED
SAND with Clay and Gravel, SW-SC, medium plasticity, weak
reaction to HCl.

Moist, Reddish yellow [5YR 6/6] and multi-colored, pinkish brown,
olive gray and dark gray, Bozeman Group Argillaceous
Sandstone/siltstone and conglomerate, decomposed to residual
soil, SANDY LEAN CLAY with GRAVEL, CL, medium plasticity,
weak reaction to HCl, gravels in 2 inch section, gravels react with
HCl, sandy clays do not.

Moist, Brown [7.5YR 5/3] and multi-colored, pinkish brown,
yellowish tan and gray, Bozeman Group Argillaceous
Sandstone/siltstone and conglomerate, decomposed to residual
soil, CLAYEY GRAVEL with Sand, GC, low to medium plasticity.

G16252

G16253

G16254

G16255

G16256

G16257

G16258

G16259

G16260

G16261
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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2-inch spoon, 50 blows/3
inches

Decide to continue ODEX,
coring would wash out
sample

Cuttings: light brown, Sandy
clay with 1/8 inch minus chips

2-inch spoon, 50 blows/3
inches

Water from casing after is air
turned on
Cuttings: saturated light gray,
fat clay, trace sand in
cuttings, chips are fat clay

Attempt shelby tube, 4 inch
push, tip of tube bent by
gravels

Cuttings: Saturated, light
gray, slurry of fat clay or
claystone

2-inch spoon

18.6

13.0

14.8

17

17

100

Moist to wet, Grayish brown [10YR 5/2] Bozeman Group
Argillaceous Sandstone/siltstone and conglomerate, decomposed
to residual soil, CLAYEY SAND, SC, medium to high plasticity.

Wet, Brown [10YR 5/3] Bozeman Group Argillaceous
Sandstone/siltstone and conglomerate, decomposed to residual
soil, CLAYEY SAND, SC, low to medium plasticity, strong reaction
to HCl.

Wet, Grayish brown [10YR 5/2] Bozeman Group Tuffaceous
claystone, decomposed to residual soil, FAT CLAY with SAND
and Gravel, CH, high plasticity, very stiff, weak reaction to HCl,
with black specks, likely decomposed ash/Tuff.

Wet, Yellowish brown [10YR 5/4] Bozeman Group Argillaceous
Sandstone/siltstone and conglomerate, decomposed to residual
soil, SANDY CLAY, CL, medium plasticity, strong reaction to HCl,
trace of small pebbles.
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Cuttings: Silty gravel, light tan,
dry

2-inch spoon, Cuttings: Light
tan, Silty gravel, maximum
1/2 inch chips

2-inch spoon

Driving cobble in 2nd six
inches, use N=44

Shelby tube, 8 inch push
refusal at 15.2' feet
2-inch spoon

Cuttings: Clayey gravel, 1/2
inch max chips, clay clumps

2.5-inch spoon with brass
liners, 50 blows/4 inches,
broke through cobble at 40

4.0

1.7

6.0

7.3

44

100

Topsoil.

Dry, Dark yellowish brown [10YR 3/4], SILTY GRAVEL with Sand,
GM, low plasticity, strong reaction to HCl.

Dry, Dark yellowish brown [10YR 4/4], SILTY GRAVEL with Sand,
GM, non-plastic, strong reaction to HCl.

Moist, Reddish brown [5YR 5/3] Bozeman Group Silt/Claystone
and Conglomerate, decomposed to residual soil, LEAN CLAY, CL,
medium plasticity, no reaction to HCl.

Moist, Grayish green [5G 5/2] and multi-colored, yellow brown and
reddish brown, Bozeman Group Argillaceous Sandstone/siltstone
and conglomerate, decomposed to residual soil, CLAYEY
GRAVEL, GC, low to medium plasticity, strong reaction to HCl.

G16269

G16270

G16271

G16272

G16273

G16274

G16275

G16276
G16278

21

65

49

150

DRILLER:  Axis Drilling

DRILL TYPE:  Davey-Kent

HOLE DIAMETER:  6-inch ODEX

HAMMER TYPE:  140 lb Auto

DATE STARTED / FINISHED:  7/11/16 - 7/11/16

LOGGED BY:  Jeff Riedel

GROUND SURFACE ELEVATION:  5850.8 ft

BOREHOLE LOCATION:  (MTSP NAD 83) N354139.3510'

, E1067087.5670'
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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blows, continue to drive
sampler 50 blows for another
4 inches

50 blows/5 inches

Cuttings change to gray

2.5-inch spoon with brass
liners, 50 blows/4 inches

Total Depth=31.5 feet

1.8

6.2

Moist, Dark yellowish brown [10YR 4/4] and reddish brown,
Bozeman Group Argillaceous Sandstone/siltstone and
conglomerate, decomposed to residual soil, CLAYEY GRAVEL
with Sand, GC, low to medium plasticity, weak reaction to HCl.
(Continued)

Moist, Grayish brown [10YR 5/2] and reddish brown, Bozeman
Group Argillaceous Sandstone/siltstone and conglomerate,
decomposed to residual soil, CLAYEY GRAVEL with Sand, GC,
low to medium plasticity, strong reaction to HCl.

Moist, Brown [7.5YR 5/3] Bozeman Group Silt/Claystone,
decomposed to residual soil, SANDY CLAY with Gravel, CL, low to
medium plasticity, strong reaction to HCl.

Moist, Gray [10YR 6/1] and reddish brown, Bozeman Group
Argillaceous Sandstone/siltstone and conglomerate, decomposed
to residual soil, FAT CLAY with GRAVEL, CH, medium to high
plasticity, strong reaction to HCl.
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G16278
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G16281

G16282
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MATERIAL DESCRIPTION

SAMPLES

REMARKS /
TESTING

This log is part of a report prepared by Pioneer Technical, Inc. for this
project and should be read with the report.  This summary applies
only at the location of the boring and at the time of the drilling.
Subsurface conditions may differ at other locations and may change
at this location with the passage of time.  The data presented is a
simplication of actual conditions encountered.
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Crumb Test Report 

 

Project: Bannack   

Lab #: G16237  

Sample: TP‐07   4.8‐5.3’ 

Date: 8‐4‐16 

 

Classification: Nondispersive 

 

Remarks: 

A crumb test was performed according to ASTM D 6572 to determine the dispersive properties 

of the sample. As suggested by ASTM this test was performed alongside a pinhole and double 

hydrometer test. A crumb taken from the bulk sample at natural moisture was tested as well as 

a remolded crumb at optimum moisture. Both crumbs had dispersion grades of 1 or 

“nondispersive” at the 2 minute, 1 hour, and 6 hour readings. No colloidal clouds were visible at 

any of the readings and the water remained completely clear.  
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Crumb Test

Project: Bannack

Lab #: G16237

Sample: TP‐07 4.8‐5.3'

Natural Crumb

Time Grade Temp

2 min 1 20 C

1 h 1 20 C

6h 1 21 C

Remolded Crumb

Time Grade Temp

2 min 1 20 C 

1 h 1 20 C 

6h 1 21 C

Grade 1 Nondispersive

Grade 2 Intermediate

Grade 3 Dispersive

Grade 4 Highly Dispersive

Nondispersive

Nondispersive

Nondispersive

Grade Description

Grade Description

Nondispersive

Nondispersive

Nondispersive
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Pinhole Test Result Summary 

 

Project: Bannack 

Lab #: G16237 

Sample ID: TP‐07   4.8‐5.3’ 

 

Classification: ND1 – Nondispersive clay with very slight to no colloidal erosion under 15 in. 

head. 

 

Remarks: 

A pinhole test was conducted in accordance with Method C of ASTM D4647. Samples were 

molded to 95% of maximum dry density at optimum moisture content. 2, 7, and 15 inch heads 

were tested. Two trials at the 2 in. head were performed and both resulted in no effluent 

escaping the molded sample. Further examination of these samples showed that the pinhole 

had swelled shut. The 7 and 15in head tests both had perfectly clear effluent containing no soil 

particles. The flow rates of these tests decreased throughout the trail indicating a swelling of 

the soil. After the trial, the pinholes were examined and determined to be smaller than the 

original 1mm diameter. This clay was considered to be nondispersive.  

 

 

185



Volume  Cum. Vol Time Flow

(ml) (ml) (sec) ml/sec

10 10 0 0

10 20 0 0

10 30 0 0

10 40 0 0

10 50 0 0

25 75 0 0

25 100 0 0

25 125 0 0

25 150 0 0

7 in. Head

Volume  Cum. Vol Time Flow

(ml) (ml) (sec) ml/sec

10 10 6.98 1.433

10 20 11.13 0.898

10 30 12.06 0.829

10 40 13.36 0.749

10 50 12.44 0.804

25 75 36.39 0.687

25 100 37.93 0.659

25 125 39.98 0.625

25 150 48.08 0.520

15 in. Head

Volume  Cum. Vol Time Flow

(ml) (ml) (sec) ml/sec

10 10 2.86 3.497

10 20 4.33 2.309

10 30 4.95 2.020

10 40 5.94 1.684

10 50 5.75 1.739

25 75 13.64 1.833

25 100 15.08 1.658

25 125 17.14 1.459

25 150 19.9 1.256

2 in. head

(color, particles passing etc.)

Classification Notes

(color, particles passing etc.)

Pinhole Test

Lab  #   G16237

Classification = ND1 

Classification Notes

(color, particles passing etc.)

Classification Notes

This test was ran twice. Both 
times the pinhole swelled shut 
before any water flowed out 
of the sample. 

Clear  effluent with no 
particles. After dissasembly 
hole was smaller than 1mm. 
Decreasing flow rates suggest  
that the sample swelled.

Clear  effluent with no 
particles. After dissasembly 
hole was smaller than 1mm. 
decreasing flowrates suggest 
that the sample swelled.
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Double Hydrometer ASTM D4221

% Passing 0.005mm % Passing 0.005mm %

Sample I.D. Laboratory Number w/Sodium Metaphosphate Distilled Water Only Dispersion

TP‐07 (4.8‐5.3') G16237 63.6 1.4 2.2
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

0.0446 mm.
0.0318 mm.
0.0228 mm.
0.0163 mm.
0.0117 mm.
0.0086 mm.
0.0062 mm.
0.0045 mm.
0.0032 mm.
0.0022 mm.
0.0013 mm.

100.0
96.5
92.9
87.5
83.2
71.3
55.1
44.0
36.1
31.3
27.6
23.6
22.2
21.4
19.8
18.1
16.9
15.7
14.6
14.0
13.6
12.3
11.8

15.2366 10.7229 2.6478
1.4010 0.2108 0.0071

8-1-16

CA / SJ

NG

Laboratory Manager

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: BH-02 Depth: 20-20.8'
Sample Number: G16251

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
93.2
85.4
63.8
45.9
32.5
25.1
19.9
15.8
11.9

11.1732 9.4094 4.0978
2.5294 0.6848 0.1316

7-11-16 7/27/16

SJ/CA

NG

Laboratory Manager

7-7-16

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: BH-02 Depth: 30-35'
Sample Number: G16256

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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0.0010.010.1110100
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

well-graded gravel with clay and sand

4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
97.8
91.7
86.3
78.2
72.2
60.6
53.8
38.7
28.9
20.7
15.1
11.5

9.0
6.1

18 34 16

GW-GC A-2-6(0)

46.1673 35.6980 12.4193
8.0877 2.2639 0.4201
0.1866 66.56 2.21

7-26-16

SJ/CA

NG

Laboratory Manager

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Test Pit Composite
Sample Number: G16286

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

6"
4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
93.2
90.6
81.8
76.8
68.1
62.0
53.2
47.5
35.6
26.1
17.3
11.4

8.2
6.8
5.5

73.3872 58.5080 17.3552
10.8575 2.9639 0.6670
0.3470 50.02 1.46

7-6-16 7/27/16

SJ/CA

NG

Laboratory Manager

7-6-16

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-01 Depth: 6-7.0'
Sample Number: G16228

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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GRAIN SIZE - mm.

0.0010.010.1110100
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% Gravel

Fine Coarse Medium

% Sand
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
100.0

94.3
89.0
84.1
79.0
70.3
63.4
45.9
33.9
23.0
15.8
11.7

9.4
7.0

40.4238 27.2677 8.3737
5.7025 1.4664 0.3885
0.1764 47.46 1.46

7-6-16 7/27/16

SJ/CA

NG

Laboratory Manager

7-6-16

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-02 Depth: 9-10.0'
Sample Number: G16229

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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% Sand
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
94.8
89.0
84.7
77.0
70.9
62.7
57.3
44.8
35.4
25.8
18.3
13.5
10.7

7.3

54.8806 38.8100 11.0138
6.4976 1.2224 0.3021
0.1300 84.74 1.04

7-6-16 7/27/16

SJ/CA

NG

Laboratory Manager

7-6-16

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-04 Depth: 7.5-9'
Sample Number: G16232

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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0.0010.010.1110100
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Fine Coarse Medium

% Sand

Fine Silt
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
100.0

90.9
89.4
82.9
76.4
65.4
58.5
43.5
33.6
26.2
20.3
15.9
12.6

8.8

46.1763 28.0910 10.1673
6.5988 1.3151 0.2217
0.0935 108.76 1.82

7-6-16 7/27/16

SJ/CA

NG

Laboratory Manager

7-6-16

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-05 Depth: 10-12.2'
Sample Number: G16235

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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0.0010.010.1110100
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Fine Coarse Medium

% Sand

Fine Silt
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

fat clay with sand

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

0.0392 mm.
0.0280 mm.
0.0199 mm.
0.0133 mm.
0.0105 mm.
0.0075 mm.
0.0054 mm.
0.0040 mm.
0.0029 mm.
0.0012 mm.

100.0
98.7
97.5
95.8
95.2
92.8
90.8
88.7
87.3
86.5
85.6
84.0
77.9
77.4
76.5
75.6
72.7
69.7
64.8
60.7
56.9
55.6

37 93 56

CH A-7-5(55)

1.3994 0.0893 0.0038

Double hydrometer with sodium metaphosphate

7-29-16

CA, SJ

NG

Laboratory Manager

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-07 Depth: 4.8-5.3'
Sample Number: G16237-A

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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% Sand
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

fat clay with sand

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

0.0508 mm.
0.0363 mm.
0.0259 mm.
0.0186 mm.
0.0136 mm.
0.0098 mm.
0.0069 mm.
0.0050 mm.
0.0035 mm.
0.0022 mm.
0.0014 mm.

100.0
98.7
97.5
95.8
95.2
92.8
90.8
88.6
87.1
85.9
85.0
83.3
19.0
15.2
12.4

9.4
7.6
5.5
3.7
1.4
0.7
0.3

37 93 56

CH A-7-5(54)

1.3771 0.1515 0.0653
0.0620 0.0554 0.0353
0.0203 3.22 2.31

Double hydrometer, with de-ionized water

8-2-16

SJ/CA

NG

Laboratory Manager

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-07 Depth: 4.8-5.3'
Sample Number: G16237-B

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Composite TP-07 3-4.5' and TP-07 8-9.0'

4"
3"
2"

1 1/2
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60

#100
#200

100.0
97.1
93.1
88.2
80.6
75.3
66.2
60.1
47.0
35.8
26.8
20.1
15.4
12.0

8.8

41.9149 32.1445 9.5015
5.6686 1.1588 0.2385
0.0985 96.46 1.43

7-28-16

SJ/CA

NG

Laboratory Manager

Bannack

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: TP-07
Sample Number: G16287

Client:

Project:

Project No: Figure

TEST RESULTS

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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GRAIN SIZE - mm.

0.0010.010.1110100
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Fine Coarse Medium

% Sand

Fine Silt
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Tested By: NG

CONSOLIDATION TEST REPORT
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Applied Pressure - psf
100 1000 10000

Water
Added

Natural Dry Dens.
LL PI Sp. Gr. USCS AASHTO

Initial Void

Saturation Moisture (pcf) Ratio

28.6 % 5.7 % 108.2 2.65 0.529

Bannack Specific Gravity assumed

MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Source of Sample: BH-03 Depth: 14.5-15.2' Sample Number: G16273

Pioneer Technical Services, Inc.
106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579 Figure
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Tested By: NG

CONSOLIDATION TEST REPORT
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MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Source of Sample: BH-03 Depth: 14.5-15.2' Sample Number: G16273

Pioneer Technical Services, Inc.
106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579 Figure
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Tested By: NG

CONSOLIDATION TEST REPORT
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MATERIAL DESCRIPTION
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Source of Sample: BH-03 Depth: 14.5-15.2' Sample Number: G16273
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106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579 Figure
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Tested By: NG

TRIAXIAL SHEAR TEST REPORT

Pioneer Technical Services, Inc.
106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Client: 

Project: Bannack

Source of Sample: Test Pit Composite

Sample Number: G16286

Proj. No.: Date Sampled: 

Type of Test: 
CU with Pore Pressures

Sample Type: 

Description: well-graded gravel with clay and sand

LL= 34 PI= 16PL= 18

Assumed Specific Gravity= 2.65

Remarks:

Figure

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
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Tested By: NG

Client: 

Project: Bannack

Source of Sample: Test Pit Composite Sample Number: G16286

Project No.: Figure Pioneer Technical Services, Inc.
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Tested By: SJ Checked By: NG

COMPACTION TEST REPORT
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Water content, %

 - Rock Corrected      - Uncorrected

5 7 9 11 13 15 17

8.5%, 134.1 pcf

11.1%, 125.0 pcf

ZAV for
Sp.G. =
2.70

Test specification:
ASTM D 4718-87 Oversize Corr. Applied to Each Test Point

ASTM D 698-12 Method C Standard

GW-GC A-2-6(0) 34 16 27.8 6.1

well-graded gravel with clay and sand

Oversize specific gravity assumed at 2.65

Elev/ Classification Nat.
Sp.G. LL PI

% > % <

Depth USCS AASHTO Moist. 3/4 in. No.200

ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Source of Sample: Test Pit Composite Sample Number: G16286

Pioneer Technical Services, Inc.
106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579 Figure

      125.0 pcf  Maximum dry density = 134.1 pcf

      11.1 %  Optimum moisture = 8.5 %

Bannack
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Tested By: CA/SJ Checked By: NG

COMPACTION TEST REPORT
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Test specification:
ASTM D 4718-87 Oversize Corr. Applied to Each Test Point

ASTM D 698-12 Method A Standard

4.8-5.3' CH A-7-5(55) 93 56 7.2 84.0

fat clay with sand

Oversize specific gravity assumed at 2.65

Elev/ Classification Nat.
Sp.G. LL PI

% > % <

Depth USCS AASHTO Moist. #4 No.200

ROCK CORRECTED TEST RESULTS UNCORRECTED MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Source of Sample: TP-07 Sample Number: G16237-A

Pioneer Technical Services, Inc.
106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579 Figure

      78.1 pcf  Maximum dry density = 81.2 pcf

      35.1 %  Optimum moisture = 32.7 %

Bannack
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Tested By:   RG   SJ Checked By: NG

Pioneer Technical Services, Inc.

106 Pronghorn Trail, Suite A - Bozeman, MT 59718

Ph. 406-388-8578 - Fax 406-388-8579

Client:

Project:

Project No.: Figure

Bannack

SYMBOL SOURCE

NATURAL

USCS
SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY

NO. CONTENT LIMIT LIMIT INDEX
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LIQUID AND PLASTIC LIMITS TEST REPORT

Test Pit

Composite

G16286 18 34 16 GW-GC

TP-07 G16237-A 4.8-5.3' 37 93 56 CH
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Client: Montana State Parks Project: Bannack
Sample Description: G16286-A

Test Specimen
Dry Density (pcf): 112.8
% Max. ASTM D-698: 95%
Specimen Length (cm): 15.24
Specimen Diameter (cm): 7.112

Testing Equipment
Height Inlet Above Floor (cm):
Height Outlet Above Bench (cm): 21.9
Area of Standpipe (cm2): 0.912

Increment Initial Inital Final Final Time Applied Pressure Initial Final Average Hydraulic Hydraulic Hydraulic
Number Reading Reading Reading Reading Increment Differential Head Head Gradient Conductivity Conductivity

Influent Effluent Influent Effluent at 20  C
(cm3) (cm3) (cm3) (cm3) (min.) (psi) (cm) (cm) (cm/cm) (cm/sec) (cm/sec)

1 3.6 36.1 23 16.9 25 1.6 142.12 106.92 8.17 3.3E-05 3.2E-05
2 23 16.9 34.1 5.7 27 1.6 106.92 86.58 6.35 2.3E-05 2.2E-05
3 2 43.6 19.05 26.4 22 1.7 157.45 126.21 9.31 2.9E-05 2.8E-05
4 19.05 26.4 31.2 14.2 26 1.7 126.21 104.01 7.55 2.2E-05 2.1E-05
5 1.5 43.7 17.6 27.6 25 1.7 158.00 128.63 9.40 2.4E-05 2.3E-05
6
7
8
9
10
11
12
13
14
15
16 Average Hydraulic Conductivity of Last Four Test Increments = 2.3E-05 cm/sec
17
18
19
20
21

k = (aL/At) ln (h1/h2)

Tare # Tare #
Wet Soil + Tare (grams) 1211.50 Wet Soil + Tare (grams) 1672.00
Dry Soil + Tare (grams) 1094.00 Dry Soil + Tare (grams) 1497.00
Tare Weight (grams) 0.00 Tare Weight (grams) 403.00
Water Content (%) 10.74 Water Content (%) 16.00
Source Specimen Source Specimen

HYDRAULIC CONDUCTIVITY FOR FLEXIBLE-WALLED TEST SAMPLES
FALLING HEAD APPARATUS, ASTM D5084

Water Content Before Test Water Content After Test
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	1.02 RELATED SECTIONS
	1.03 SUBMITTALS

	PART 2 PRODUCTS
	PART 3 EXECUTION
	PART 1 -  GENERAL
	1.01 SUMMARY
	A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, mixture design, placement procedures, and finishes.
	B. Related Requirements:
	1. Section 03210 Reinforcing Steel


	1.02 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Design Mixtures: For each concrete mixture.
	C. Steel Reinforcement Shop Drawings: Placing Drawings that detail fabrication, bending, and placement.

	1.03 INFORMATIONAL SUBMITTALS
	A. Material certificates.
	B. Material test reports.
	C. Formwork Shop Drawings: Prepared by or under the supervision of a qualified professional engineer, detailing fabrication, assembly, and support of formwork.

	1.04 QUALITY ASSURANCE
	A. Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete products and that complies with ASTM C94/C 94M requirements for production facilities and equipment.
	1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete Production Facilities."

	B. Testing Agency Qualifications: An independent agency, acceptable to authorities having jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 for testing indicated.
	C. Codes and Standards:  Comply with provisions of following codes, specifications, and standards, except where more stringent requirements are shown or specified:
	1. ACI 318:  Building Code Requirements for Reinforced Concrete.
	2. ACI 301: Standard Specifications for Structural Concrete.
	3. Concrete Reinforcing Steel Institute (CRSI):  Manual of Standard Practice.

	1.05 PRECONSTRUCTION TESTING
	A. Preconstruction Testing Service: Engage a qualified testing agency to perform preconstruction testing on concrete mixtures.

	1.06 FIELD CONDITIONS
	A. Cold-Weather Placement: Comply with ACI 306.1.
	1. Do not use calcium chloride, salt, or other materials containing antifreeze agents or chemical accelerators unless otherwise specified and approved in mixture designs.

	B. Hot-Weather Placement: Comply with ACI 305.1 (ACI 305.1M).


	PART 2 -  PRODUCTS
	2.01 CONCRETE, GENERAL
	A. ACI Publications: Comply with the following unless modified by requirements in the Contract Documents:
	1. ACI 301 (ACI 301M).
	2. ACI 117 (ACI 117M).


	2.02 FORM-FACING MATERIALS
	A. Smooth-Formed Finished Concrete: Form-facing panels that provide continuous, true, and smooth concrete surfaces. Furnish in largest practicable sizes to minimize number of joints.
	B. Rough-Formed Finished Concrete: Plywood, lumber, metal, or another approved material. Provide lumber dressed on at least two edges and one side for tight fit.

	2.03 STEEL REINFORCEMENT
	A. Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.
	B. Plain-Steel Welded-Wire Reinforcement: ASTM A 1064/A 1064M, plain, fabricated from as-drawn steel wire into flat sheets.
	C. Deformed-Steel Welded-Wire Reinforcement: ASTM A 1064/A 1064M, flat sheet.
	D. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening reinforcing bars and welded-wire reinforcement in place. Manufacture bar supports from steel wire, plastic, or precast concrete according to CRSI's "M...

	2.04 CONCRETE MATERIALS
	A. Cementitious Materials:
	1. Portland Cement: ASTM C 150/C 150M, Type I/II,.
	2. Fly Ash: ASTM C 618, Class C or Type F

	B. Normal-Weight Aggregates: ASTM C 33/C 33M, graded.
	1. Maximum Coarse-Aggregate Size:  1- inch (19 mm) nominal.
	2. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement.

	C. Air-Entraining Admixture: ASTM C 260/C 260M.
	D. Chemical Admixtures: Certified by manufacturer to be compatible with other admixtures and that do not contribute water-soluble chloride ions exceeding those permitted in hardened concrete. Do not use calcium chloride or admixtures containing calciu...
	1. Water-Reducing Admixture: ASTM C 494/C 494M, Type A.
	2. Retarding Admixture: ASTM C 494/C 494M, Type B.
	3. Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type D.
	4. High-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type F.
	5. High-Range, Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type G.
	6. Plasticizing and Retarding Admixture: ASTM C 1017/C 1017M, Type II.

	E. Water: ASTM C 94/C 94M.

	2.05 RELATED MATERIALS
	A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber.

	2.06 CONCRETE MIXTURES, GENERAL
	A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of laboratory trial mixture or field test data, or both, according to ACI 301 (ACI 301M).
	B. Cementitious Materials: Limit use of fly ash to not exceed 25 percent of cement content by weight.
	C. Admixtures: Use admixtures according to manufacturer's written instructions.
	1. Use water-reducing or plasticizing admixture in concrete, as required, for placement and workability.
	2. Use water-reducing and -retarding admixture when required by high temperatures, low humidity, or other adverse placement conditions.
	3. Use water-reducing admixture in pumped concrete, concrete for heavy-use industrial slabs and parking structure slabs, concrete required to be watertight, and concrete with a w/c ratio below 0.50.


	2.07 CONCRETE MIXTURES FOR BUILDING ELEMENTS
	A. Normal-Weight Concrete:
	1. Minimum Compressive Strength:  4500 psi (31 MPa) at 28 days.
	2. Maximum W/C Ratio:  0.45.
	3. Slump Limit: 3” for slabs and footings, 4 inches (100 mm) for walls, columns, and beams, before adding high-range water-reducing admixture or plasticizing admixture, plus or minus 1 inch (25 mm).
	4. Air Content:  6 percent, plus or minus 1.5 percent at point of delivery for 1--inch (38-mm) nominal maximum aggregate size.


	2.08 FABRICATING REINFORCEMENT
	A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice."

	2.09 CONCRETE MIXING
	A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM C 94/C 94M, and furnish batch ticket information.
	1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F (32 deg C), reduce mixing and delivery time to 60 minutes.



	PART 3 -  EXECUTION
	3.01 FORMWORK INSTALLATION
	A. Design, erect, shore, brace, and maintain formwork, according to ACI 301 (ACI 301M), to support vertical, lateral, static, and dynamic loads, and construction loads that might be applied, until structure can support such loads.
	B. Construct formwork so concrete members and structures are of size, shape, alignment, elevation, and position indicated, within tolerance limits of ACI 117 (ACI 117M).
	C. Chamfer exterior corners and edges of permanently exposed concrete.

	3.02 EMBEDDED ITEM INSTALLATION
	A. Place and secure anchorage devices and other embedded items required for adjoining work that is attached to or supported by cast-in-place concrete. Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be e...

	3.03 STEEL REINFORCEMENT INSTALLATION
	A. General: Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting reinforcement.
	1. Do not cut or puncture vapor retarder. Repair damage and reseal vapor retarder before placing concrete.


	3.04 JOINTS
	A. General: Construct joints true to line with faces perpendicular to surface plane of concrete.
	B. Construction Joints: Install so strength and appearance of concrete are not impaired, at locations indicated or as approved by Engineer.
	C. Isolation Joints in Slabs-on-Grade: After removing formwork, install joint-filler strips at slab junctions with vertical surfaces, such as column pedestals, foundation walls, grade beams, and other locations, as indicated.

	3.05 WATERSTOP INSTALLATION
	A. Waterstops: Install in construction joints and at other locations indicated, according to manufacturer's written instructions.

	3.06 CONCRETE PLACEMENT
	A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded items is complete and that required inspections are completed.
	B. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new concrete is placed on concrete that has hardened enough to cause seams or planes of weakness. If a section cannot be placed continuously, provide const...
	1. Consolidate placed concrete with mechanical vibrating equipment according to ACI 309 (ACI 301M).
	C. Do not use vibrators to transport concrete inside forms.  Insert and withdraw vibrators vertically at uniformly spaced locations not farther than visible effectiveness of machine.  Place vibrators to rapidly penetrate placed layer and at least 6 in...
	D. Cold-Weather Placing:  Comply with provisions of ACI 306 and as follows:
	1. Protect concrete work from physical damage or reduced strength that could be caused by frost, freezing actions, or low temperatures.
	2. Do not use frozen materials or materials containing ice or snow.
	3. Do not place concrete on frozen subgrade or on subgrade containing frozen materials.
	4. Do not use calcium chloride, salt, and other materials containing antifreeze agents or chemical accelerators unless otherwise accepted in mix designs.
	E. Hot-Weather Placing:  When hot weather conditions exist that would seriously impair quality and strength of concrete, place concrete in compliance with ACI 305 and the following:
	1. Cool reinforcing steel so steel temperature will not exceed the ambient air temperature immediately before embedment in concrete.
	2. Fog spray forms, reinforcing steel, and subgrade just before concrete is placed.
	3. Upon prior approval by the Engineer, use water-reducing retarding admixture as needed due to high temperatures, low humidity, or other adverse placing conditions.


	3.07 FINISHING FORMED SURFACES
	A. Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with tie holes and defects repaired and patched. Remove fins and other projections that exceed specified limits on formed-surface irregularities.
	1. Apply to concrete surfaces not exposed to public view.

	B. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, arranged in an orderly and symmetrical manner with a minimum of seams. Repair and patch tie holes and defects. Remove fins and other projections that exceed specified ...
	1. Apply to concrete surfaces exposed to public view,.

	C. Rubbed Finish: Apply the following to smooth-formed-finished as-cast concrete where indicated:
	1. Smooth-Rubbed Finish: Not later than one day after form removal, moisten concrete surfaces and rub with carborundum brick or another abrasive until producing a uniform color and texture. Do not apply cement grout other than that created by the rubb...
	2. Grout-Cleaned Finish: Wet concrete surfaces and apply grout of a consistency of thick paint to coat surfaces and fill small holes. Mix 1 part portland cement to 1-1/2 parts fine sand with a 1:1 mixture of bonding admixture and water. Add white port...
	3. Cork-Floated Finish: Wet concrete surfaces and apply a stiff grout. Mix 1 part portland cement and 1 part fine sand with a 1:1 mixture of bonding agent and water. Add white portland cement in amounts determined by trial patches, so color of dry gro...

	D. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent formed surfaces. Continue final surface treatment of formed su...

	3.08 CONCRETE PROTECTING AND CURING
	A. General: Protect freshly placed concrete from premature drying and excessive cold or hot temperatures. Comply with ACI 306.1 for cold-weather protection and ACI 301 (ACI 301M) for hot-weather protection during curing.
	B. Evaporation Retarder: Apply evaporation retarder to unformed concrete surfaces if hot, dry, or windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and during finishing operations. Apply according to manufactu...
	C. Formed Surfaces: Cure formed concrete surfaces, including underside of beams, supported slabs, and other similar surfaces. If forms remain during curing period, moist cure after loosening forms. If removing forms before end of curing period, contin...
	D. Cure concrete according to ACI 308.1, by one or a combination of the following methods:
	1. Moisture Curing: Keep surfaces continuously moist for not less than seven days.
	2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining cover for curing concrete, placed in widest practicable width, with sides and ends lapped at least 12 inches (300 mm), and sealed by waterproof tape or adhesive. Cure ...
	3. Curing Compound: Apply uniformly in continuous operation by power spray or roller according to manufacturer's written instructions. Recoat areas subjected to heavy rainfall within three hours after initial application. Maintain continuity of coatin...
	a. Removal: After curing period has elapsed, remove curing compound without damaging concrete surfaces by method recommended by curing compound manufacturer unless manufacturer certifies curing compound does not interfere with bonding of floor coverin...

	4. Curing and Sealing Compound: Apply uniformly to floors and slabs indicated in a continuous operation by power spray or roller according to manufacturer's written instructions. Recoat areas subjected to heavy rainfall within three hours after initia...
	E. Structure wall shall cure for a minimum of 3 days and until achieving a required compressive strength of 3500 psi prior to backfilling.  Backfilling of structure wall shall be conducted to avoid or minimize the potential for unbalanced stresses aga...


	3.09 CONCRETE SURFACE REPAIRS
	A. Defective Concrete: Repair and patch defective areas when approved by Engineer. Remove and replace concrete that cannot be repaired and patched to Engineer’s approval.

	3.010 QUALITY CONTROL TESTING DURING CONSTRUCTION

	PART 1 – GENERAL
	1.01 SUMMARY
	A. Section Includes:
	1. Structural steel.
	2. Grout.

	B. Related Requirements:
	1. Section 051213 "Architecturally Exposed Structural Steel Framing" for additional requirements for architecturally exposed structural steel.

	1.02 DEFINITIONS
	A. Structural Steel: Elements of the structural frame indicated on Drawings and as described in AISC 303, "Code of Standard Practice for Steel Buildings and Bridges."
	1.03 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Show fabrication of structural-steel components.
	1.04 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer fabricator testing agency.
	B. Welding certificates.
	C. Mill test reports for structural steel, including chemical and physical properties.
	D. Source quality-control reports.
	E. Field quality-control and special inspection reports.
	1.05 QUALITY ASSURANCE
	A. Fabricator Qualifications: A qualified fabricator that participates in the AISC Quality Certification Program and is designated an AISC-Certified Plant, Category STD. AISC Certification is waived for this project provided that the steel fabricator ...
	B. Installer Qualifications: A qualified installer who participates in the AISC Quality Certification Program and is designated an AISC-Certified Erector, Category CSE. AISC Certification is waived for this project provided that the contractor has a m...
	C. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	D. Comply with applicable provisions of the following specifications and documents:
	1. AISC 303.
	2. AISC 360.
	3. RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts."

	PART 2 - PRODUCTS
	2.06 STRUCTURAL-STEEL MATERIALS
	A. W-Shapes:  ASTM A 992/A 992M.
	B. Channels, Angles-Shapes:  ASTM A 36/A 36M.
	C. Plate and Bar:  ASTM A 36/A 36M.
	D. Cold-Formed Hollow Structural Sections: ASTM A 500/A 500M, Grade B, structural tubing.
	E. Steel Pipe: ASTM A 53/A 53M, Type E or Type S, Grade B.
	F. Welding Electrodes: Comply with AWS requirements.
	2.07 BOLTS, CONNECTORS, AND ANCHORS
	A. Threaded Rods:  ASTM A 36/A 36M.
	1. Finish:  Plain.

	2.08 PRIMER
	A. Primer: Comply with Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."
	B. Primer: SSPC-Paint 25, Type I, zinc oxide, alkyd, linseed oil primer.
	C. Primer: Fabricator's standard lead- and chromate-free, nonasphaltic, rust-inhibiting primer complying with MPI#79 and compatible with topcoat.
	2.09 GROUT
	A. Metallic, Shrinkage-Resistant Grout: ASTM C 1107/C 1107M, factory-packaged, metallic aggregate grout, mixed with water to consistency suitable for application and a 30-minute working time.
	B. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107/C 1107M, factory-packaged, nonmetallic aggregate grout, noncorrosive and nonstaining, mixed with water to consistency suitable for application and a 30-minute working time.
	2.010 FABRICATION
	A. Structural Steel: Fabricate and assemble in shop to greatest extent possible. Fabricate according to AISC 303, "Code of Standard Practice for Steel Buildings and Bridges," and to AISC 360.
	2.011 SHOP CONNECTIONS
	A. Weld Connections: Comply with AWS D1.1/D1.1M for tolerances, appearances, welding procedure specifications, weld quality, and methods used in correcting welding work.
	2.012 SHOP PRIMING
	A. Shop prime steel surfaces except the following:
	1. Surfaces embedded in concrete or mortar. Extend priming of partially embedded members to a depth of 2 inches (50 mm).
	2. Surfaces to be field welded.
	3. Surfaces of high-strength bolted, slip-critical connections.
	4. Surfaces to receive sprayed fire-resistive materials (applied fireproofing).
	5. Galvanized surfaces.
	6. Surfaces enclosed in interior construction.

	B. Surface Preparation: Clean surfaces to be painted. Remove loose rust and mill scale and spatter, slag, or flux deposits. Prepare surfaces according to the following specifications and standards:
	1. SSPC-SP 2, "Hand Tool Cleaning."
	2. SSPC-SP 3, "Power Tool Cleaning."
	3. SSPC-SP 7/NACE No. 4, "Brush-off Blast Cleaning."

	C. Priming: Immediately after surface preparation, apply primer according to manufacturer's written instructions and at rate recommended by SSPC to provide a minimum dry film thickness of 1.5 mils (0.038 mm). Use priming methods that result in full co...
	2.013 SOURCE QUALITY CONTROL
	A. Welded Connections: Visually inspect shop-welded connections according to AWS D1.1/D1.1M and the following inspection procedures, at testing agency's option:
	1. Liquid Penetrant Inspection: ASTM E 165.
	2. Magnetic Particle Inspection: ASTM E 709; performed on root pass and on finished weld. Cracks or zones of incomplete fusion or penetration are not accepted.
	3. Ultrasonic Inspection: ASTM E 164.
	4. Radiographic Inspection: ASTM E 94.

	B. Prepare test and inspection reports.
	PART 3 - EXECUTION
	3.014 EXAMINATION
	A. Verify, with certified steel erector present, elevations of concrete- and masonry-bearing surfaces and locations of anchor rods, bearing plates, and other embedments for compliance with requirements.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.
	3.015 ERECTION
	A. Set structural steel accurately in locations and to elevations indicated and according to AISC 303 and AISC 360.
	B. Baseplates Bearing Plates and Leveling Plates: Clean concrete- and masonry-bearing surfaces of bond-reducing materials, and roughen surfaces prior to setting plates. Clean bottom surface of plates.
	1. Set plates for structural members on wedges, shims, or setting nuts as required.
	2. Weld plate washers to top of baseplate.
	3. Snug-tighten anchor rods after supported members have been positioned and plumbed. Do not remove wedges or shims but, if protruding, cut off flush with edge of plate before packing with grout.
	4. Promptly pack grout solidly between bearing surfaces and plates so no voids remain. Neatly finish exposed surfaces; protect grout and allow to cure. Comply with manufacturer's written installation instructions for shrinkage-resistant grouts.

	C. Maintain erection tolerances of structural steel within AISC 303, "Code of Standard Practice for Steel Buildings and Bridges."
	3.016 FIELD CONNECTIONS
	A. Weld Connections: Comply with AWS D1.1/D1.1M for tolerances, appearances, welding procedure specifications, weld quality, and methods used in correcting welding work.
	1. Comply with AISC 303 and AISC 360 for bearing, alignment, adequacy of temporary connections, and removal of paint on surfaces adjacent to field welds.
	2. Remove backing bars or runoff tabs where indicated, back gouge, and grind steel smooth.
	3. Assemble and weld built-up sections by methods that maintain true alignment of axes without exceeding tolerances in AISC 303, "Code of Standard Practice for Steel Buildings and Bridges," for mill material.

	3.017 FIELD QUALITY CONTROL
	A. Special Inspections:  Engage a qualified special inspector to perform the following special inspections:
	1. Verify structural-steel materials and inspect steel frame joint details.
	2. Verify weld materials and inspect welds.
	3. Verify connection materials and inspect high-strength bolted connections.

	B. Bolted Connections: Inspect bolted connections according to RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts."
	C. Welded Connections: Visually inspect field welds according to AWS D1.1/D1.1M.
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